INTRODUCTION
THE MOON, asteroids, and those terrestrial planets with minor atmospheres are covered with regoliths produced by countless impacts of meteoroids with the surfaces. These regoliths obscure bedrock from access by both sample-return missions and remote sensing. For the Moon, virtually all of our samples are from the regolith and nearly all spectral data obtained remotely from orbit or Earth-based telescopes is for regolith occurring only at the very surface. As a result, most of what we know about the Moon derives from the regolith (Mc KAY et al., 1991 ) . This situation is, or for future missions is likely to be, largely true for Mars and asteroids as well. Thus, an understanding of regolith formation processes is essential to interpretation of both sample and remotely sensed data.
Because the Moon is airless and large, the lunar regolith is thick, on the order of 5-15 m. Most information on its nature at depth is based on seismic data, cores taken by Apollo astronauts, and photographs of craters, rille walls, and shallow trenches.
The cores have shown that the regolith is highly layered with respect to grain size, color, composition, modal petrography, and other parameters. Although these one-dimensional probes reveal little of the 3-dimensional structure of the regolith, we can infer that lunar stratigraphy resulting from overlapping ejecta deposits of countless impact craters differs substantially from terrestrial sedimentary stratigraphy. (See Mc KAY et al. ( 1991 ) from each half-centimeter dissection interval of the core (KOROTEV et al., 1984; MORRXS et al., 1989) . These 124 samples are from the first dissection pass of both core tube sections (SCHWARZ, 1991 (SCHWARZ, , 1992 (FM R and magnetic: MORRIS, 1976; MORRIS and GOSE, 1976; and MORRIS et al., 1978, 1979; INAA: KOROTEV, 1991 HASKIN and WARREN, 1991 ) .
DISCUSSION

Causes of Compositional Variation
The range of compositional variation in 60013/14 (e.g., 8 to 9.5 ug/g Sc) is less than observed in 60006 and 60007, the top two sections of the deep drill core, and much less than observed in the other double drive tube, 60009/10 ( Fig.   7) . Core 60009/l0 shows more compositional variation with depth than any lunar core yet sampled. Most of the compositional variation in 60009/10 is consistent with variation in the proportions of two components, (1) a soil with 9-10 ug/g Sc such as that found at the top of all three cores, and (2) ferroan anorthosite consisting almost entirely (_99%) of plagioclase (McKAY et al., 1976 (McKAY et al., , 1977 KOROTEV, 1991 HEIKEN et al., 1973; VAN1MAN et al., 1976; KOROTEV, 1991 ; DELANO, 1991 DELANO, , 1992 (Fig. 2) .
The open squares represent the low-Sm/Sc soils from Unit B of 60013/14, which must contain some low-Sm/Sc component in greater abundance than other soils in the core. a) The dashed line is the 60009/10 mixing line (Fig.   8b ). Mixing of soil with the composition of Unit A (Fig. 4) . ,'" mare #asses _.
•'d mare #asses Sc 6 g/g) Sc O g/g)
FIG. 8. Comparison of Sm and Sc concentrations
in samples from the three station-10 cores and station-4 core 64001/2. The diagonal line in each plot is the best-fit line to the 60009/10 data of (b); this line extrapolates to the composition of ferroan anorthosite containing _99% plagioclase, very. near the origin (KOROTEV, 1991 ). Thus, samples plotting anywhere on the line have nearly identical Sm/Sc ratios. In 64001/2 and 60002-7 some samples plot to the high-Sc side of the mixing line as a result of a small excess component of mare-derived glass and basalt. For clarity, these samples are not plotted individually, but the field for typical samples is indicated; some samples plot offthe figure to higher Sc concentrations.
In c), the Na-rich soils from Unit A are excluded for clarity ( 187-220 cm depth; mostly 60001 and 60002). Data from KOROrEV et al. (1984) , KOROTEV ( 1991 ) , and this work (previously unreported data for 64002: see Fig. 10 (Am,TON and WALTZ, 1980: KOROTEV, 1991 ) .
For all three cores, maturity generally decreases with depth from the surface, at least over the 0-60 cm interval sampled by each core (Fig. 9) . The same trend is observed in other lunar cores and is attributed to the gardening process on the lunar surface (MORRIS, 1978a) in which lunar soil is mixed at decreasing frequency with increasing depth from the surface by meteorite impact (GAULT et al., 1974; ARNOLD, 1975 In part because the surface soil is the most well mixed soil, the soil at the very top of each core is virtually identical in composition among the three cores (Fig. 7) . The zones of compositionally similar soil extend from the surface to 44 cm depth in 60013/14 (i.e., Unit A), to 13 cm in 60009/ 10, and to 12 cm in 60001-7.
For example, means and stan- Even the top 10 cm of the station 4 core, 3.7 km to the south (Fig. 2 ) , is similar (Sc = 9. I 1 ___ 0.36; Fig. 10 (HEIKEN et al., 1973; MORRIS et al., 1983) KOVACH and WATKtNS, 1973; MUEHLBERGER et al., 1980 Some rocks were exposed at the surface, and the plains were not as smooth as they were when visited by the astronauts.
Since formation of the plains more than 3 Ga ago, the surface has been subjected to continual bombardment by meteoroids that have produced a few craters on the order of a kilometer in diameter (e.g., North Ray crater) but many smaller ones.
This bombardment has been sufficient to produce a layer of fine debris at the surface of the site. The fact that mature surface soils from the central stations ( 1, 2, 10) are all very similar to each other in composition and generally similar to surface soils from the southern stations (4, 5, 6, 8, 9) indicates that on the lateral scale of up to a few kilometers, (KEMPA et al., 1980; MORmS et al., 1986 ). GosE and MORRIS, 1977; MORmS et al., 1979; KOROTEV, 1982 KOROTEV, , 1991 KOROTEV et al., 1984) . With (This procedure presupposes that scatter about the line is caused mostly by variation in Fe/Ni ratio of the metal grains and not analytical uncertainty. As the slandard deviations in relative residuals for both Fe°and Ni are approximately 9%, which exceeds the analytical uncertainties, the assumption is probably valid.) The line has an intercept effectively at the origin with a slope of 15. I _+0. I (95% confidence), which leads to an average Ni concentration in the meteoritic metal of 6.6% (essentially, 1/15.1). [As discussed in Samples and Methods, the magnetic measurements give total concentrations of Fe°and/or Fe-Ni alloys for alloys having < 15 wt. % Ni.] The same Fe°/Ni slope (15.0) was obtained on sam pies from the 64001 core by KOROTEV et al. ( 1984 ) : however, note thai in that paper the estimate of the average Ni concentration in the metal was calculated incorrectly. Fig. 12, and KOROTEV, 1987b, 1990 (Fig. 12) . The cause of this anomaly is an agglutinate particle 149 #g in mass consisting largely of an anomalous iron micrometeorite (Table  2) . This particle, which contains 148 ug/g lr, is discussed more fully elsewhere (Jot.I. IFF et al., 1993) .
IMPLICATIONS AND CONCLUSIONS
The Apollo 16 landing site was chosen, in part, because it was atypical in having two relatively young, bright ray craters, North and South Ray, in close proximity (MUEHLBERGER et al., 1980 ( MORRIS, 1978a) . Nevertheless, the presence of ferroan anorthosite in both the South Ray crater ejecta and at depth in the station 10 cores indicates that ferroan anorthosite is a * For the othersamples listed here, the metalcompositionswereestimated frombulk soil analyses,as describedin the text. For the iron micrometeorite in 60014,133, the composition was estimated from direct analysis of a separated agglutinate particle (JOLLIFF et al., 1993) . The particle (149 lagin mass) contained 62.2% total iron, of which we estimate 1.2% to be Fe2÷and 61.0% to be Fee based on the Sc concentration of the particle (3.1 lag/g) and the typical Fe2+/Scratio of Apollo 16 regolith (from Table 1 ). The listed composition assumes that the estimated Fe°and all the Ni, Co, It, and Au in the particle is contained the metal, that the sum of these constituentsin the metal is 100%, and that all of the Sc is in the silicates. These assumptions also lead to the results that the particleis 66% metal and 34% lunar silicate (by mass) and that the silicates have 9.2 lag/g Sc, a reasonablevalue for soils from Unit A (Table 1) .
